Aims Heart failure with preserved ejection fraction (HFpEF) remains a common condition with no pharmacological treatment. Physical activity (PA) improves symptoms and quality of life (QoL), but no clear recommendations exist on PA in HFpEF patients. We investigated the association of PA (amount/intensity) on clinical phenotype in HFpEF.
Introduction
The epidemiological burden of heart failure (HF) has grown in the past decades. 1 The prevalence of HF with preserved ejection fraction (HFpEF) is high and increasing, making HFpEF a continuously growing public health problem. 1, 2 Morbidity and mortality in HFpEF are quite similar to HF with reduced ejection fraction (HFrEF), but no effective pharmacological treatment has been identified so far [3] [4] [5] [6] and a successful management of the disease remains elusive.
2 Therefore, an intensified search for prevention and treatment strategies in HFpEF is of global interest.
Although not yet separately demonstrated in patients with HFpEF, an active lifestyle and/or a structured training intervention prevents the development of HF [7] [8] [9] and is associated with considerable improvement of survival in patients at risk for HF and in symptomatic HFrEF. [10] [11] [12] In addition, several training interventions have shown significant improvement of exercise capacity and quality of life (QoL) in patients with HF. 10, 13 Overall, the amount of physical activity (PA), which is beneficial to prevent HF and its progression, has been investigated in epidemiological cohort studies. Higher fitness in early middle age is associated with a lower risk of HF and of HF hospitalization in later life.
14 However, the relationship between PA and HF and the optimal PA level to prevent HF are still discussed since data are conflicting. 9, 11, 15 Intensity of PA is an important component for the improvement of cardiopulmonary function, metabolic control, and even intervention-related outcomes, but available data are conflicting. 16 In addition, data on PA in patients with clinically manifest HFpEF are scarce. Although several training interventions have shown promising results in improving exercise capacity and QoL in HFpEF, [17] [18] [19] there are no data available on the health-relevant extent of PA for this patient cohort. Previous trials comparing different training modalities in patients with HF and risk of HF did not identify a clear intensity mode for exercise. 20, 21 Therefore, the aim of this analysis was to identify associations between PA (volume, duration, and intensity) and clinical phenotype (including exercise capacity) in a large cohort of HFpEF patients. This may help identify the optimal amount and intensity of PA for high exercise capacity and form the basis for an optimal training intervention strategy in future intervention studies in patients with HFpEF.
Methods
The Aldosterone in Diastolic Heart Failure (Aldo-DHF) trial was a multicentre, prospective, randomized, double-blind, placebocontrolled trial conducted between March 2007 and April 2012 at 10 sites in Germany and Austria. The study design and main results have been previously published. 22, 23 The trial included 422 ambulatory patients (mean age 67 ± 8 years; 52% female) with stable chronic HF (New York Heart Association class II or III), preserved left ventricular ejection fraction of 50% or greater, and evidence of diastolic dysfunction. Baseline data of Aldo-DHF were used for the present study.
Clinical data, diagnostic procedures, and patient questionnaires were collected using pre-defined standard operating procedures based on international guidelines. 25 and an ad hoc self-report questionnaire (Physical Activity Questionnaire on Amount and Intensity, PAQ-AI). The SF-36 (especially the physical function scale) correlates with accelerometry on physical performance measures. 26 The PAQ-AI was adapted from the validated Freiburg Questionnaire of Physical Activity, 27 which assesses different types of activities and evaluates occupational, leisure time, and everyday life PA in hours per week. In contrast, the PAQ-AI assesses different intensities of activities and divides PA into three categories (light, moderate, and vigorous). For each category, mean metabolic equivalent of task (MET) values were calculated using the current Compendium of Physical Activities 28 with 1 MET set by convention to 3.5 mL O 2 /kg/min and expressing the energy cost of PA. Therefore, total MET hours (METh) per week-representing total amount of PA per week-were calculated for each patient as follows:
Retest correlation of PAQ-AI was highly significant with 0.56 for 6 months and 0.50 for 12 months of follow-up data of the Aldo-DHF trial. PAQ-AI was used for evaluation of PA depending on amount and intensity.
Ethics
The Aldo-DHF complies with the Declaration of Helsinki and principles of good clinical practice. The protocol was approved by all responsible ethics committees. All participants gave written informed consent.
Statistics
Baseline characteristics were analysed using mean and standard deviation with Kruskal-Wallis for calculation of P-values (metric variables) and cross tabulation with χ 2 test for P-values (categorical variables). For analysis of N-terminal proBNP (NT-proBNP), median with quartiles and Kendall's tau for calculation of P-values were used. The effects of METh classes on dependent variables were tested using multifactorial ANOVA, adjusted for age and sex and shown as means and 95% confidence intervals for dependent variables with P-values. Correlations between time of exercise or total METh and clinical parameters were tested using Pearson's r. A one-way ANOVA was used to analyse means of dependent variables across METh groups or high-intensity exercise groups. A P-value <0.05 (two-tailed) was considered statistically significant. SPSS software version 23.0 (IBM, Chicago, IL, USA) was used for the analyses.
Results
Baseline characteristics for the Aldo-DHF study have previously been published. 23 Additional baseline characteristics are shown in Table 1 . Age, sex, and body mass index (BMI) showed no specific trends across groups. Patients were classified by tertile of METh/week values into patients of low, middle, and high levels of total PA. Significant differences among groups of total PA were noticed in the amount of high-intensity PA (defined as >6 MET). Of all patients with low-level PA, 73.2% performed high-intensity PA for <4 h/week and only 0.7% for >8 h/week (P < 0.001). In the group of patients with high-level PA, 72.4% performed high-intensity PA for >8 h/week and 13.8% for <4 or 4-8 h/week, respectively. (18) 134 (18) 135 (17) 138 ( (11) 78 (11) 80 (11) 80 (11) 0.24 Heart rate (1/min), mean (SD) b 66 (12) 67 (11) 67 (12) 66 (11) Amount or intensity? Potential targets of exercise interventions in patients with heart failure with preserved ejection fraction
We first analysed PA and clinical characteristics of HFpEF. Mean and standard deviation for groups of METh/week value are shown in Table 2 . Patients of middle-level and high-level PA showed significantly higher SF-36 physical function scores (P = 0.04) and significantly greater 6MWT distances (P = 0.007) compared with those of low-level PA. However, there was no significant difference in the SF-36 physical function score or in the 6MWT distance between groups of middle and high levels of PA. Also, there was no significant difference in peakVO 2 , E/e 0 , or LAVI between groups of different PA levels. We further investigated the association of total PA (METh/ week) and variables of CPET, 6MWT, blood testing, SF-36, and echocardiography (see Table 3 ). An increase in total PA is associated with higher maximum exercise level and duration, higher ventilatory efficacy [lower ratio of minute ventilation (VE) to carbon dioxide production (VCO 2 ), VE/VCO 2 slope], higher anaerobic threshold and higher oxygen uptake at the anaerobic threshold, higher 6MWT distance, and higher systolic blood pressure at rest and at maximum on 6MWT (P < 0.05). In addition, an increase in total PA is borderline significantly associated with higher SF-36 physical function scores (P = 0.05). Yet no significant associations between total PA and peakVO 2 or echocardiographic parameters of diastolic function were found, respectively. In addition, there was no significant association between total PA and NT-proBNP as indicators of functional HF severity.
We further assessed total PA, high-intensity PA, and clinical characteristics of HFpEF. Patients were additionally classified by tertile of weekly time of high-intensity PA into <4 h, 4-8 h, and >8 h of high-intensity PA per week. Figure 1 shows mean for groups of total PA level (in METh/week) and for groups of high-intensity PA (in h/week). Patients with a low level of PA (<70 METh/week) showed significantly lower SF-36 physical function scores (P = 0.04) and significantly lower 6MWT distance (P = 0.007) than patients of middle and high levels of PA. In patients who performed high-intensity PA for >8 h/week, the SF-36 physical function score and 6MWT distance were both significantly higher than in those who performed it for 4-8 h/week or <4 h/week (P = 0.002 and P < 0.001, respectively). Also, the SF-36 physical function score was significantly lower in patients who performed high-intensity PA for <4 h/week than in those who performed high-intensity PA for 4-8 h/week. In addition, patients who performed high-intensity PA for >8 h/week showed significantly higher peakVO 2 values than those who performed it for <4 h/week (P = 0.02), whereas no significant difference in peakVO 2 was observed among groups of total PA. The echocardiographic parameter of left ventricular filling E/e 0 ratio was not significantly different among the groups of total PA and among groups of highintensity PA. We also investigated correlations between total PA, time of high-intensity PA, time of low-intensity PA, and clinical characteristics of HFpEF (see Table 4 ). A Pearson correlation analysis showed that the volume of PA is positively correlated with SF-36 physical function, although the significance is borderline (r = 0.10, P = 0.05), and with 6MWT distance (r = 0.17, P = 0.001) but has no significant correlation with peakVO 2 . Time of high-intensity PA was positively correlated with 6MWT distance (r = 0.21, P < 0.001) and with peakVO 2 and SF-36 physical function (both r = 0.13, P = 0.01), whereas time of low-intensity PA did not show significant associations. Type and amount of PA were not significantly associated with any measure of diastolic function (E/e 0 and LAVI).
Discussion
In this analysis, we describe two aspects regarding the association of PA and exercise capacity in HFpEF. The main finding of the study is that among all investigated parameters, only higher amounts of high-intensity PA were associated with higher values of maximal exercise capacity (measured by peakVO 2 ) in patients with HFpEF. Submaximal exercise capacity and physical function of QoL were positively correlated with total amount of PA (in METh/week) irrespective of intensity. Of interest, no association was identified between PA and echocardiographic parameters of diastolic function.
Study population
In Aldo-DHF, a total of 422 patients were included, 52% of which were female. This allowed a gender-independent analysis in a large number of patients, whereas previous studies on PA and exercise intervention showed a relatively small participant group. [17] [18] [19] 29 Upon inclusion, all severe conditions other than HFpEF that could have been cause for reduced exercise capacity were excluded, e.g. significant arrhythmias or valve diseases, symptomatic coronary artery disease, anaemia, and severe pulmonary disease. 22 Exclusion criteria of the Aldo-DHF trial did not specifically consider orthopaedic limitations, but all patients had to perform CPET several times throughout the trial. Therefore, patients with severe orthopaedic limitations could not be included in the trial due to possible protocol violations. Also, only 6.3% of all study participants reported current smoking. According to the microcensus of the Federal Statistical Office of Germany in 2009, the prevalence of smoking in Germany in the age class of 60-70 years was 20.6% for men and 13.6% for women. 30 The absence of severe disease other than chronic HF and underrepresentation of smokers in the study suggests a rather healthy and health-conscious, but still overweight, patient population (mean BMI 29 kg/m 2 ). Median NT-proBNP plasma level in Aldo-DHF was 169 ng/L, which is lower than in other studies that analysed HFpEF patients, e.g. I-PRESERVE, 6 but higher than in healthy agematched and sex-matched controls. 31 No association was CI, confidence interval; CPET, cardiopulmonary exercise testing; MET, metabolic equivalents of task; NT-proBNP, N-terminal proBNP; SF-36, 36-item Short-Form questionnaire; VE/VCO 2 slope, ratio of minute ventilation (VE) to carbon dioxide production (VCO 2 ). a NT-proBNP shows right-skewed distribution in patients with HF and is therefore shown as log NT-proBNP.
Amount or intensity? Potential targets of exercise interventions in patients with heart failure with preserved ejection fraction 57 Figure 1 Mean for groups of total metabolic equivalents of task (MET) value (METh/week) and for groups of high-intensity physical activity (PA, in h/week): analysis of 36-item Short-Form questionnaire (SF-36) physical function score, 6 min walking test, peak oxygen uptake (peakVO 2 ), and echocardiographic parameter of left ventricular filling (E/e 0 ); *Significant compared between two groups.
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found between total amount of PA and NT-proBNP. Natriuretic peptide levels are low in obese patients. 32 BMI was high and comparable across all groups of total PA, which may explain the low values of natriuretic peptides. Since natriuretic peptides are valuable for identification of severe diastolic dysfunction, but not for mild or moderate diastolic dysfunction, 31, 33 we may also conclude that the patients of our study did not present with severe diastolic dysfunction. This makes our results even more relevant since we analysed a study population with early-stage HFpEF where prevention strategies may still carry weight.
Physical activity and physical dimensions of quality of life
Previous studies have shown the harm of sedentary lifestyle and reduced physical fitness on the incidence of both HFrEF and HFpEF. 7, 8, 14 A clear dose dependency of PA on the risk of HF was shown, 8, 11 and age-adjusted recommendations on the amount of PA were defined by the World Health Organization. 34 Furthermore, the positive effect of exercise training on the prognosis of HFrEF was shown in the large HF-ACTION trial. 10 In elderly HFpEF patients, regular exercise training was shown to improve self-rated physical dimensions of QoL, but not other aspects of QoL. [17] [18] [19] 29 These data were consistent with our findings on the total amount of PA and SF-36 physical function score. Nevertheless, recommendations on the intensity of PA to prevent HFpEF and to improve QoL do not exist so far. Our study shows a clear dose dependency of high-intensity PA and physical dimensions of QoL in HFpEF, which was not found for total amount of PA ( Figure 1 ).
Physical activity and exercise capacity
CPET and 6MWT were used to determine maximal and submaximal exercise capacity. Peak exercise testing variables of CPET exhibit good reliability in HFpEF and are therefore also recommended for the diagnostic workup in HFpEF. 35 PeakVO 2 , which is known to be lower in HF patients than in healthy individuals, 36 is an established predictor of outcome as well as a recommended target for treatment in these patients. 37 To our knowledge, this study shows for the first time that not the total amount of PA but specifically the amount of high-intensity PA is associated with maximal exercise capacity in HFpEF. This finding gives the rationale for ongoing studies to investigate which particular exercise training schedule is optimal for HFpEF patients. 38 Andersen et al. reported that the greatest benefit of PA in HF patients has been observed in changing from sedentary behaviour to moderate levels of activity, meaning from 0 to 3 METh/day. 11 Keteyian et al. reported a significantly higher cardiovascular event rate in HFrEF patients with PA of <4 METh/week. 15 Our data confirm this by showing significantly higher self-rated physical dimensions of QoL and submaximal exercise capacity in patients with middle MET values than in those with low MET value (see Figure 1) .
Several studies showed that exercise training improves maximal exercise capacity. 17, 18, 39 Patients underwent supervised training to improve aerobic endurance, and exercise intensity was increased after several weeks. According to the World Health Organization, these training interventions cannot be considered as high-intensity exercise. 40 Also, although the studies' trainings were performed only two to three times per week, an increase in peakVO 2 was seen in patients of the intervention group. Those results may contradict ours. We must note that in those studies change in peakVO 2 was seen over a period of time within patients who underwent training, whereas our data reflect only one point in time.
Physical activity and echocardiographic parameters
Although patients with higher amounts of high-intensity PA showed better maximum and submaximal exercise capacity and experienced better physical function in QoL, no differences in echocardiographic parameters of diastolic function were found. Also, our results did not show any association between E/e 0 and PA. This agrees with previous finding where throughout several exercise training trials in HFpEF, 18 ,39 whereas our previous Exercise Training in Diastolic Heart Failure (Ex-DHF) pilot trial described a significant decrease of E/e 0 and LAVI in the training group compared to the control group. 19 However, in our Ex-DHF pilot study, we analysed the change of echocardiographic parameters for every study participant over a period of time, whereas the present analysis was performed inter-individually at one point in time. Therefore, E/e 0 might be sufficient for long-term assessment of diastolic function within an individual, but unreliable when compared crosssectionally among different individuals. A further search for new measurement of diastolic function should be considered.
Limitations
Several limitations should be mentioned. Firstly, this work constitutes a post hoc analysis and is therefore to be viewed as exploratory. Whether all statistically significant associations are of clinical importance should be assessed in the future. Nevertheless, it illuminates valuable findings that should be further analysed. Since echocardiography and CPET were performed twice within 1 week and PA, exercise capacity and QoL were assessed once all data were collected at only one point in time. This snapshot of health and training status in HFpEF patients is valuable but requires careful consideration.
PA was assessed by SF-36 and PAQ-AI asking for PA during the past 4 weeks. Although the questionnaire is not validated yet, PAQ-AI was adapted from a well-validated questionnaire 27 and can provide a useful tool because (in contrast to its precursor) it assesses intensity of PA and enables calculation of MET values. Still, since it is based on self-report, it should be viewed with wariness. For further investigation, a more objective method for PA quantification, e.g. accelerometry, should be added, although SF-36 correlates with accelerometry data on PA. 26 Also, it is unclear whether patients with high exercise capacity may be able to push themselves harder in their PA and therefore report higher amounts of high-intensity PA or whether the higher amount of high-intensity PA acts as a training effect and therefore leads to a higher exercise capacity.
HFpEF is more common in elderly women. In previous studies, the number of female participants was relatively high and representative of the usual patient population in HFpEF. [17] [18] [19] 29 In our study, only half of all participants were female, which may be considered distorted. However, due to the large number of patients, we view both genders as well represented.
Conclusions
In patients with HFpEF, the total amount of PA is related to submaximal exercise capacity and physical dimensions of QoL, but not to maximal exercise capacity. In contrast, only high-intensity exercise is associated with maximal exercise capacity in HFpEF patients. Therefore, to improve maximal exercise capacity in HFpEF, high-intensity training in daily life should be compared with lower intensity of the same volume in future randomized exercise intervention trials in order to determine the optimal dose in primary and secondary preventions of HFpEF.
